Purpose: We conducted a feasibility 2×2 factorial trial comparing N-methyl-D-aspartate (NMDA) antagonists (intravenous ketamine and oral memantine) versus placebo and intravenous steroids versus placebo, in patients having elective video-assisted thoracic surgery lobectomies, at St. Joseph's Hamilton, Canada, and Cleveland Clinic, Cleveland, USA. Our feasibility objectives were: 1) recruitment rate/week; 2) recruitment of ≥90% of eligible patients; and 3) >90% follow-up. Secondary objectives were incidence and intensity of persistent post-surgical pain (PPSP) and other clinical and safety outcomes. Methods: Using computerized randomization, patients were allocated to one of four groups: NMDA active with steroid placebo; NMDA placebo with steroid active; both NMDA and steroid active; both NMDA and steroid placebo. Patients, health providers, and data analysts were blinded to allocation. Patients were followed for 3 months after randomization. Results: The trial was initiated in May 2017 at Hamilton and, after subsequent regulatory and ethics approval, in April 2018 at Cleveland. The trial had to be stopped after only 1 month of recruitment in Cleveland because the packaged study medications (memantine) expired and we were unable to procure the dosage required. Among 41 eligible patients, 27 (66%) were randomized. The recruitment rate/week was 0.63, 95% confidence interval (CI): 0.47-0.79 in Hamilton; and 1, 95% CI: 0.83-1.17 in Cleveland. Follow-up was complete for all 24 patients (100%) in Hamilton, and 3 of 4 patients in Cleveland. In total, only 4 patients (15%), and 2 patients (7%) had persistent pain at rest and with movement, respectively. There were no significant differences between groups for other outcomes. Conclusion: The trial had to be stopped prematurely due to non-availability of study medications. Trial feasibility objectives of recruiting 90% of eligible patients and recruiting at least one patient/week per site were not met. Consideration for protocol changes will be necessary for the full trial. Trial Registration: NCT02950233.
Introduction

Burden of the Problem and Etiological Considerations
25-60%. 4 Video-assisted thoracoscopic surgeries (VATS) are assumed to have a lower incidence of PPSP compared to open thoracic surgeries; however, the existing literature is limited. [5] [6] [7] The consequences of PPSP include physical and emotional suffering, leading to chronic pain, disability, poor quality of life, and increased health costs. 8 Presently, there is no established effective method of preventing PPSP after thoracic surgery. The factors contributing to the high incidence of PPSP after thoracic surgeries are not entirely clear. It is likely that several surgical and patient factors independently influence the development of PPSP. Tissue injury leads to changes in peripheral and central sensitization, further leading to the development of pathological, persistent pain due to neuroplasticity. 9 Thoracic surgeries are also known to cause neuropathic pain, either due to direct nerve injury 10, 11 or due to subclinical changes of neuro-inflammation.
10,12
Study Interventions
Ketamine acts by blocking N-methyl-D-aspartate (NMDA) receptors via a non-competitive mechanism. 13 At subanesthetic doses (1-6 mcg/kg/min), ketamine can have antihyperalgesic effects without significant cardiovascular and respiratory adverse effects. 14, 15 Memantine is an oral NMDA receptor antagonist that blocks the sustained activation of the receptor, 16 and its use after ketamine infusion may facilitate sustained NMDA blockade during acute to persistent pain transition. 17 Based on the available evidence, use of ketamine and memantine has the potential to decrease the chances of PPSP. 18, 19 Steroids are potent antiinflammatory agents affecting both inflammatory and immune pathways. 20, 21 Among the commonly used agents, dexamethasone is nearly five times as potent as methylprednisolone and has a biological half-life of 36-72 hrs. 20 Although the potential for steroids to modify PPSP exists, 2, 22, 23 it has not been well studied. 18 No study has attempted to evaluate the effect of two doses of a longacting steroid in moderate doses.
Summary
PPSP after VATS lobectomy is an important health problem with no established method of prevention. Use of NMDA antagonists and steroids may prevent the development of PPSP. Since these agents act through different biological mechanisms, and we are unaware of any biological reason for any negative interaction, it is appropriate to study their effects in a factorial design to increase efficiency. This pilot trial was proposed to establish the feasibility of a large multicenter trial.
Objectives
Our feasibility objectives included determining the feasibility of recruiting eligible patients and patients completing the 3-month follow-up. Our clinical objectives included determining the effect of NMDA antagonists and intravenous (IV) steroids in patients having VATS lobectomies on the: 1) incidence of PPSP with movement 3 months after randomization; 2) intensity of PPSP at rest and with movement at 3 months after randomization; 3) rate of change of postoperative pain intensity over time; 4) use of narcotic analgesic medication >3 days/weeks beyond 4 weeks after randomization; 5) presence of neuropathic pain; 6) incidence of pain interfering with the activities of daily living; 7) thoracic surgery-specific activity limitations; 8) change in global health status; 9) quality of life; and 10) incidence of adverse effects.
Materials and Methods
The PAIN-STOP pilot trial was a multicenter randomized controlled trial (RCT) using a 2×2 factorial design to evaluate NMDA antagonists versus placebo, and dexamethasone versus placebo. Randomization was stratified by site. Patients, health care providers, data collectors, outcome adjudicators, and investigators were blinded to treatment allocation. The trial was conducted in two centers: St Joseph's Hospital, Hamilton, Ontario, Canada, and Cleveland Clinic, Cleveland, Ohio, USA. The trial was registered at ClinicalTrials.gov and received ethics approval at both sites before trial initiation. This trial was conducted according to the Declaration of Helsinki, and all participants provided written, informed consent.
Patient Selection
Inclusion and exclusion criteria: Patients were eligible if they were between 18 and 65 years of age, were scheduled for elective VATS pulmonary lobectomy, and provided informed consent to participate. Patients were excluded if they met one or more of the following criteria: not willing to participate; existing pain on the same side of the chest of moderate to severe intensity (>3/10 in 0-10 NRS, where 0=no pain and 10=maximum pain); current history of intracranial mass or cerebral aneurysm or raised intraocular pressure; glomerular filtration rate <30 mL/min based on creatinine clearance; known allergies to one or more of the study medications; history of steroid treatment >10 mg/day of prednisolone or its equivalent for >3 weeks within the 3 months before randomization; history of schizophrenia or bipolar disorder; current history of drug addiction (prescription or non-prescription drug addiction diagnosed by a physician, excluding alcohol); pregnancy; and previous participation in the PAIN-STOP trial. Eligible patients were identified from the thoracic surgery operating room booking list and approached by the research personnel during their pre-surgical consult. To provide study information and to enhance patient participation, patients were provided with an information brochure (Appendix 1) about postoperative pain and its treatment. Patients fulfilling the selection criteria were consented. Study personnel collected baseline information including patient demographics, smoking history, diagnosis, and history of radiation or chemotherapy. The following additional baseline information was collected from each consenting patient: 1) Hospital Anxiety and Depression Scale; 24 2)
Pain Catastrophizing Scale; 25 3) pain elsewhere in the body and its severity; and 4) the use of any ongoing analgesic medications.
Assignment of Interventions
Randomization was performed before surgery via an Interactive Web Randomization System (IWRS) maintained at the coordinating center at the Population Health Research Institute, McMaster University in Hamilton, Ontario, Canada. Patients were randomized using block randomization stratified by center, in a 1:1:1:1 fashion to receive, 1) NMDA active and dexamethasone placebo; 2) dexamethasone active and NMDA placebo; 3) NMDA active and dexamethasone active; or 4) NMDA placebo and dexamethasone placebo. Patients, health care providers, data collectors, data analysts, and outcome adjudicators were masked to treatment allocation. The research personnel obtained the masked study medication kit from the hospital pharmacy, and delivered it to the anesthesiologist, and the nursing staff who provided these drugs to the patients in the hospital.
Study Interventions
NMDA antagonist treatment included active ketamine administered at 0.5 mg/kg as an IV bolus during induction, and 0.1 mg/kg/hr IV infusion starting in the post-anesthetic care unit, and continuing up to 24 hrs or until discharge from a monitored bed. Placebo ketamine (0.9% normal saline solution) was administered by infusion at the same rate and duration as above. Starting on the 1 st postoperative day, oral memantine (or matching placebo) was self-administered at 5 mg BID for the 1 st week and increased to 10 mg BID starting in week 2, and continued until the end of 4 weeks after surgery. The steroid intervention involved 25 mg of IV dexamethasone administered in a 50 mL normal saline bag, post-induction before incision, and on the morning of postoperative day 2. For patients allocated to placebo, 50 mL of saline was administered at the same time points.
Monitoring and Safety of Ketamine Administration
As necessitated by the hospital policy and as suggested by the existing guidelines, study patients were observed in a high dependency bed (step down unit) and monitored for respiratory rate, continuous electrocardiogram, blood pressure, sedation level, oxygen saturation, and pain scores. 26 Infusion of ketamine or placebo was titrated to side effects such as disorientation, dystonia, sedation, hallucination, nightmares, and delirium. Observation of one or more of the above side effects required stopping the infusion until the side effect resolved and restarting at half the dose rate.
If the same side effect occurred again the infusion was discontinued. The reason for decreasing the concentration or stopping the infusion was noted.
Surgical Protocol
All study patients were planned to have elective VATS lobectomy under general anesthesia using appropriate IV induction and inhalational medications. Intraoperative analgesia was provided using IV opioids, with or without IV ketorolac 15-30 mg, as decided appropriate by the treating anesthesiologist. All patients had continuous electrocardiogram, oxygen saturation, intra-arterial blood pressure, and urinary catheter monitoring, as required by local standard practices. At the end of surgical procedure, all patients had local anesthetic infiltration to sites of trochar insertion, and intercostal block above and below the site of chest tube insertions with 0.25% bupivacaine with or without adrenaline. The anesthesiologist administered the study medications. In the event of conversion of VATS to open procedure, the study drug administration continued. For these patients, decision on the intraoperative placement of paravertebral catheter or postoperative placement of thoracic epidural catheter was done on a case-by-case basis, as per the decision of the involved surgeon and the anesthesiologist. Analgesia was provided with opioidbased patient-controlled analgesia (PCA) along with nonsteroidal anti-inflammatory drugs (NSAIDs).
Post-Discharge Care
Patients continued with their regular prescription medications that they had before surgery along with study medications continued up to 1 month. For the first 2 weeks, postdischarge analgesia included around-the-clock NSAIDs plus moderate-strength opioids, such as codeine plus acetaminophen or oxycodone plus acetaminophen, for regular and breakthrough pain. Following this, analgesic prescriptions were made based on an individual patient's need. Use of opioid analgesia was recorded in a pain diary and follow-up phone calls. Patients were not allowed the use of other atypical analgesics such as antidepressants or gabapentinoids, unless patients had been on these medications before surgery. For patients with PPSP at 3 months, referral arrangements for the assessment and management of persistent pain at the respective hospital's chronic pain clinic were made.
Patient Follow-Up
Study personnel followed patients daily in the hospital and ensured compliance with study medications and recorded outcomes. Patients were contacted by phone on day 8, and 2 months post-randomization. Patients completed a diary with daily recording of drug intake, pain scores, and analgesic use for the first 30 days, and once-to thrice-weekly recording of pain scores at rest and with movement, and analgesic use from 30 days to 3 months post-randomization. Patients were encouraged to visit the hospital at the end of 1 month and 3 months post-randomization (final follow-up). Research personnel coordinated these visits with the surgeon's office to facilitate each patient attending a surgical and study follow-up on the same day. For patients unable to make a visit, a phone follow-up was arranged.
Study Outcomes
The primary (feasibility) outcomes included the ability to: 1) recruit at least four patients per month per site; 2) recruitment of ≥90% of eligible patients; and 3) obtain a follow-up in >90% of enrolled patients at 3 months. Secondary outcomes included the primary and secondary outcomes for the main clinical trial and were collected at 3 months after randomization, unless stated otherwise. Adverse outcomes were noted as tertiary outcomes from the time of randomization up to 3 months. Blinded outcome adjudicators (expert physicians) adjudicated the outcomes of pneumonia and persistent air leak, which were used for analyses of these events. 
Statistical Analyses and Sample Size
The analysis and reporting of results were performed according to CONSORT guidelines extension to pilot and feasibility RCTs. 33 We analyzed patients in the treatment group to which they were allocated, according to the intention-to-treat principle, and patients lost to follow-up were censored at the time they were lost to follow-up. As a feasibility study, analysis of all clinical outcomes was exploratory. Feasibility outcomes were assessed as proportions and rates with 95% CI. For the analysis of clinical outcomes, we compared patients allocated to 'NMDA antagonists' to "NMDA placebo" and patients allocated to 'steroids' to "steroid placebo". Analysis of continuous outcomes was based on independent t test and binary outcomes on logistic regression. The results on the estimates of effect are reported as mean difference for continuous outcomes and OR for binary outcomes, with corresponding 95% CI. No interim analyses were planned. For pain trajectory, representing the change in postoperative pain over time, repeated pain measures were analyzed using a mixed effects model to obtain slope and curve for treatment and placebo groups. 34 All analyses were performed using SAS 9.4
(Cary, NC, USA). Sample size was based on feasibility considerations, 35, 36 with a total sample of 48 patients, with 12 in each group. This is considered appropriate for a pilot feasibility trial.
Results
The study was initiated at Hamilton on May 3, 2017. After obtaining subsequent Food and Drug Administration (FDA) approval we applied for ethics approval from Cleveland in September 2017 but were able to secure approval only in April 2018. After just 2 weeks of recruitment in Cleveland, we had to stop recruitment and terminate the trial, because the packaged study medications were expiring and there was no available supply of 5 mg memantine tablets from our source. The CONSORT flow chart (Figure 1) shows the patient flow and reasons for non-inclusion. Out of 97 patients screened for eligibility, 41 were eligible and 27 were randomized (66%), and all except one patient completed the final 3-month follow-up. The baseline characteristics of the included patients are shown in Table 1 . No patients had a prior history of PPSP and scores for both anxiety and depression were high (indicative of severe rating) in all four groups. The mean dose of opioids (morphine equivalent dose per day) before surgery was similar. The intraoperative and postoperative characteristics of patients are summarized in Table 2 . The most common diagnosis was primary lung cancer. Four patients needed conversion to open in the NMDA placebo, and steroid placebo groups, and had postoperative epidural or paravertebral catheters for analgesia. A majority of patients had only one chest drain of size 28 French. The utility incision performed to extract the resected lung tissue was less than 4 cm in most patients. The amount of PCA opioid used was higher in placebo groups compared to their respective active groups. Number of days with chest tube and total duration of hospital stay were similar across groups. One patient who had both active interventions had myocardial injury after noncardiac surgery (MINS).
Outcomes Feasibility Outcomes
At Hamilton, the percentage of eligible patients recruited was 65% (24/37). Out of 88 patients screened, 24 consented, and 13 refused; 30 were above the upper age limit; 15 patients were participating in a competing trial; and six were excluded (three due to known history of intracranial mass, two due to prior history of schizophrenia or bipolar disease, and one due to current pain on the same side of the chest). We only had 2 weeks of recruitment at Cleveland. Among the nine patients screened, four were eligible, and three provided consent. The recruitment rates per week (95% CI) were 0.63 (0.47-0.79); and 1 (0.83-1.17), respectively, at Hamilton and Cleveland. Only one patient was lost to follow-up in Cleveland, and the percentage of randomized patients with follow-up at 3 months was 100% at Hamilton.
Treatment Compliance and Follow-Up
We were able to administer study medications as per the protocol in all except one patient, as the anesthesiologist refused to administer the study medication. Only one other patient did not receive his second dose of steroid intervention. All other patients continued with their study medications.
Clinical Outcomes
At 3 months post-randomization, the number of patients who had any PPSP (resting score >0 in 0-10 NRS), and PPSP on movements (>3 in 0-10 NRS) were four, and two patients, respectively. The secondary outcomes are shown in Table 3 and Figure 2 (rate of change in postoperative pain intensity), and Appendix 2 and 3 (global change and quality of life). There were no important differences in any outcomes.
We did not observe any influence of the study interventions on the resolution of postoperative pain intensity over time. The adjusted difference in mean intensity between treatment and placebo groups and test for interaction effect for different time points were not significant (Figure 2) . The tertiary outcomes are summarized in Table 4 . There were no deaths or major adverse effects due to treatment.
Discussion
In this factorial design pilot trial comparing NMDA antagonists with placebo and steroids with placebo in VATS lobectomy patients, we were unable to demonstrate feasibility based on lower than expected recruitment rate, and other logistical challenges that did not allow us to complete the full study recruitment. We also observed that our incidence of patients suffering from PPSP at 3 months was lower than previously reported; only 2 of 27 patients (7%) fulfilled the criteria of PPSP with movement at 3 months after randomization. We also did not observe any particular effect of study interventions on postoperative pain resolution, either in direction or magnitude, except for differences in PCA opioid used during the postoperative stay in hospital (Table 2) . This feasibility trial involved significant challenges. It was planned as an international trial as we appreciated the need to involve other centers beyond Canada to recruit a relatively larger sample size for the main trial. The study interventions were not approved by the health regulatory agencies for preventing PPSP. This necessitated that we Other (9) 1 (7.1) 1 (7.7) 1 (7.7) 1 (7. seek approval from Health Canada and FDA apart from obtaining individual site ethics approval, which needed to be coordinated with the regulatory approvals as well. The trial involved the use of memantine, a drug that is approved for use in patients with Alzheimer's disease. Its dosing recommendations include starting at 5 mg and titrated upwards to 10 mg twice a day over 2-4 weeks. 37 However, most available preparations come as 10 mg tablets and patients are informed to take half of the tablet for the initial 5 mg dose, which is not appropriate for research. 38 Only some companies satisfy regulatory approvals for clinical use in both Canada and the USA. 39 Furthermore, acquisition, preparation, and packaging of study medications (including over-encapsulation of placebo capsules) from an appropriate company, and submission of batch certificate number are needed for regulatory approvals. Although we were able to work in parallel towards overcoming the above challenges, some procedures needed to happen in sequence and thereby delaying trial initiation at Cleveland Clinic. Although we initiated our process of ethics approval in September 2017 at Cleveland, for reasons beyond our control, we were unable to get approval until March 2018. Finally, we were limited by the expiration of prepared study medications on April 20, 2018 . Moreover, the source supplying our study medications was out of their supply of memantine 5 mg at that time.
Besides the above-mentioned challenges, we also faced recruitment challenges in site 1. Increased use of advanced technology provides minimally invasive options including robotic surgeries for lung resection. 40 At both centers, robotic lung resection surgery was an option, and at site 1, there was an active study comparing robotic versus VATS lobectomies that blinded patients for their procedures (https://clinicaltrials.gov/ct2/show/NCT02617186). Since our trial involved selecting patients having VATS lobectomy, we were unable to approach 15 other eligible patients as it risked unblinding for this competing trial. Patient recruitment for clinical trials can be challenging. 41, 42 In particular, recruitment for surgical trials is more unpredictable, sometimes with less than 50% recruitment rate. 43 It is potentially possible that a certain degree of complexity in our trial and the need to be on study treatment for 1 month after surgery could have been a reason for some patients declining participation. In our study, appreciating the need to better inform patients about the burden of PPSP, and the importance of our study, we prepared an information brochure (Appendix 1) using layman language. Since patient consent was planned to coincide with their preoperative visit, we prioritized to identify appropriate patients before this visit, and distribute this brochure. However, we faced challenges in identifying such patients ahead of time, due to clinical demands. Although the burden of PPSP is high with thoracic surgery, its incidence after VATS lobectomies is not consistent across studies and can vary from 22% to 63%. 5, 6, 44 Based on the available literature, we estimated a lower limit of 20% incidence with movement. In our study, 30 patients were excluded based on the upper age limit of 65 years. Younger age is considered an important risk factor for PPSP. 2, 45 Our consideration for limiting the age at 65 years was to focus on a more susceptible population with a higher incidence of PPSP. Despite this, we observed a PPSP rate of 15% at rest and 7% with movement (clinically important PPSP). In this context, it is important to note the trial comparing VATS lobectomy versus anterolateral thoracotomy for postoperative pain and QoL. At 12-week follow-up, 8/84 (10%), and 10/75 (13%) patients had moderate to severe pain after VATS and thoracotomy, respectively. 46 Since this is a pilot study, it is not appropriate to infer about potential treatment effects of study interventions. Studying pain trajectories in the postoperative period can provide significant information about the resolution of postoperative pain and PPSP. 47, 48 The existing knowledge about the transition from a state of physiologically acceptable postoperative pain into a state of PPSP is unclear. 17 In our study the adjusted mean pain intensity decreased over time and by 8-9 weeks, it was <1 in all patients' groups ( Figure 2 ). Although we have highlighted that there is sound rationale to test these interventions to influence the course of persisting postoperative pain, we need to acknowledge that there are limited data on the optimal dosing and timing of our study interventions to prevent PPSP. 18 We used IV ketamine up to 24 hrs after surgery, based on the need for monitored bed, and logistical considerations as many VATS lobectomy patients are moved to a non-monitored bed before 24 hrs. In comparison, a recent smaller study reported a significant risk reduction using a combination of pregabalin and ketamine, with an infusion of ketamine (0.1 mg/kg/hr) for 48 hrs after surgery in cardiac surgery patients. 49 Another review and meta-analysis looking at memantine for treating or preventing pain observed considerable variation in the dose and duration of its treatment. 19 The other factors that could potentially affect the outcomes include conversion of VATS to open surgeries and the use of continuous epidural analgesia. Despite these challenges, our trial has several merits. Firstly, it further demonstrates the need for a pilot trial before embarking on a larger surgical trial. An empirical study looking at completion and publication rates of RCTs in surgery found that nearly half (43%) were discontinued, in comparison to 27% in medicine trials. 50 Our study also highlights the limitations of assuming a relatively higher PPSP risk in VATS lobectomy population.
Conclusion
Based on our results, we believe appropriate changes to study population, such as including other populations at higher risk of PPSP along with VATS lobectomy patients, with stratification based on surgical type, should be considered to make a larger trial feasible. This could also allow the participation of other study centers. 
Data Sharing Statement
Data regarding de-identified patient outcomes will be shared based on a specific request for the next 2 years.
